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ABSTRACT 



A device and a method for converting WDM signals into an 
OTDM signal. A time shift is introduced between the pulses 
of the WDM signals carried by the optical carriers. A modu- 
lation means is (112, 113, 114) adapted to modify the optical 
power of the WDM signals, and an optical temporal multi- 
plexer/ demultiplexer (120) is provided. The WDM signals 
are injected into a birefringent propagation medium (130) in 
such a manner as to achieve a soliton trapping phenomenon. 
An absorption means (140) is adapted to introduce optical 
losses into the components of the OTDM signal. This tech- 
nique performs WDM/OTDM conversion at very high bit 
rates. It also performs OTDM/WDM conversion. It is 
intended to be installed in long-haul telecommunication net- 
works. 

16 Claims, 4 Drawing Sheets 
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OPTICAL DEVICE AND METHOD OF also be effected by means of non-linear optical mirrors using 

CONVERTING WDM SIGNALS INTO AN Mach-Zehnder, Michelson, or Sagnac interferometers. How- 

OTDM SIGNAL AND VICE VERSA ever, non-linear optical mirrors have the drawback of being 
unstable; their stability is in fact temperature-dependent. 

RELATED APPLICATION 5 Wavelength conversion is effected by semiconductor optical 
amplifiers (SOA). A laser behind the SOA supplies the wave- 

This is a U.S. National Phase Application under 35 USC length to which the signal must be converted. However, that 

371 of International Application PCT/FR03/00810, filed solution uses a number ofSOA and lasers equal to the number 

Mar. 13, 2003. of wavelength conversions to be effected, with the result that 
to the cost of that solution is very high, which rules out large- 

FIELD OF THE INVENTION scale deployment in networks that are currently in full expan- 
sion. Moreover, SOAs are not completely bit rate transparent 

The present invention relates to an optical device and a and distortion affecting the signal may occur, 

method for converting WDM (wavelength division multi- WDM/OTDM conversion consists in converting the wave- 

plex) signals comprising simultaneous pulses carried by dif- 15 length of each WDM signal to a single wavelength and then 

ferent wavelengths into an OTDM (optical time division mul- carrying out optical time division multiplexing. Wavelength 

tiplexing/demultiplexing) signal whose components are time conversion again necessitates the use of a number of SOA and 

shifted and carried by a single wavelength, and vice-versa. lasers equal to the number of WDM signals, with the result 
that the cost of that solution is very high. 

BACKGROUND OF THE INVENTION 20 Finally, although the solutions described above for the two 
types of conversion (OTDM/WDM and WDM/OTDM) have 

The field of the invention is that of optical telecommuni- the advantage of being all-optical solutions, which simplifies 

cations and more particularly that of long-haul telecommu- the signal processing system, they are able to operate only at 

nications. In the present situation of ever increasing bit rates low bit rates, below 40 Gbit/s. 

on long-haul transmission networks, increasing the transmis- 25 Because of their limitations, the existing solutions cannot 

sion channel bit rate is inevitable, because it reduces the beusedforWDM/OTDMorOTDM/WDMsignalconversion 

overall size, and more importantly the cost, of the terminal at very high bit rates, that is to say bit rates above 40 Gbit/s. 
equipment. Accordingly, the next few years should see the 

deployment on the transport networks of telecommunication SUMMARY OF THE INVENTION 

operators of the first wavelength division multiplexing 30 

(WDM) plant operating at 40 Gbit/s per wavelength and, in One object of the present invention is to provide an optical 
the longer term, at 1 60 Gbit/s per wavelength. This being the device for converting WDM signals, the pulses of which are 
case, the requirements of transport networks in terms of opli- simultaneous and carried by different wavelengths, into an 
cal time division multiplexing/demultiplexing (OTDM) will OTDM signal, the components of which are time shifted and 
also increase. This being so, it is particularly beneficial to 35 carried by the same wavelength, and enabling operation at 
provide an all-optical WDM/OTDM conversion function, in very high bit rates, and thus enabling implementation in long- 
order to be able to transfer the information conveyed by a haul optical transmission networks operating at very high bit 
plurality of wavelengths to a single carrier, and an all-optical rates, typically of 40 Gbit/s and above. 
OTDM/WDM conversion function, in order to be able to This and other objects are attained in accordance with one 
transfer to a plurality of optical carriers the information con- 40 aspect of the invention directed to such an optical device 
tained in an optical channel operating at a very high bit rate, which comprises shifting means adapted to introduce a time 
typically at 40 Gbit/s, 160 Gbit/s or 640 Gbit/s. In the latter shift between the pulses of the WDM signals carried by the 
case, the number of optical carriers involved in the conversion optical carriers, modulation means adapted to modify the 
process is equal to the number of OTDM components of the optical power of the WDM signals, an optical spectral and 
opticalsignaltobeconverted.TheseOTDMcomponentsmay 45 temporal multiplexer/demultiplexer, a birefringent propaga- 
have a bit rate of 40 Gbit/s or 10 Gbit/s. tion medium into which the WDM signals are injected in such 
Solutions for providing this kind of WDM/OTDM and a manner as to achieve a soliton trapping phenomenon, and 
OTDM/WDM conversion exist already, and include all-elec- absorption means adapted to introduce optical losses into the 
tronic solutions that use oplo-electronic transponders components of the OTDM signal. 

equipped with photo receivers or laser diodes to effect optical/ 50 Thus the device of the invention uses the well-known phe- 

electronic and electronic/optical conversion. Electronic com- nomenon of soliton trapping in a birefringent propagation 

ponents then handle lime division multiplexing/demultiplex- medium, which shifts the optical frequency of the carrier in 

ing. Those solutions are complex to implement, however, proportion to the optical power of a signal. By adjusting the 

because they require two-fold optical/electronic and/or elec- optical power of the pulses of a signal beforehand, soliton 

tronic/optical conversions and use a large number of compo- 55 trapping shifts the wavelength of these pulses toward a "tar- 

nents, which makes them difficult to install in the network get" wavelength of the optical carrier that is to carry the 

because of obvious overall size problems. They are also lim- information. 

ited in terms of electrical bandwidth. The major drawback of Another aspect of the invention is directed to a method of 

those solutions is that their bit rate is limited because the converting WDM signals, the pulses of which are simulta- 

electronics used are not able to operate at bit rates of 40 Gbit/s 60 neous and carried by different wavelengths, into an OTDM 

and above. signal, the components of which are time shifted and carried 

There also exist all-optical solutions in which OTDM/ by the same wavelength, by means of said device. This 

WDM conversion consists in optical time division demulti- method is noteworthy in that it comprises the steps of time 

plexing followed by wavelength conversion. Optical time shifting the pulses of the WDM signals carried by the optical 

division demultiplexing uses crossed phase modulation in a 65 carriers, attenuating the WDM signals in order for them to 

fiber, for example. That technology is very complex to imple- have different optical powers, spectrally and temporally mul- 

ment, however. The optical time division demultiplexing may tiplexing the WDM signals, injecting the wavelength division 
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multiplex obtained into the birefringent propagation medium The WDM/OTDM and OTDM/WDM conversion device is 

in such a manner as to achieve a soliton trapping phenomenon adapted to process signals comprising RZ (return to zero) 

and obtain an OTDM signal, and equalizing the optical power data which may be of the soliton type or a different type. An 

of the components of the OTDM signal obtained. RZ signal is a digital signal comprising 0 and 1 states, bits at 

Another aspect of the present invention is directed to an 5 1 corresponding to pulses and bits at 0 corresponding to the 
optical device able to carry out the opposite conversion, i.e. absence of any pulse in the bit period, 
able to convert an OTDM signal, the components of which are The device 1 00 in FIG. lisusedasa WDM/OTDM con- 
time shifted (tl, t2, t3, t4) and carried by the same wavelength verter. In this example, it is adapted to convert four 40 Obit/s 
(X4), into WDM signals, the pulses of which are carried by WDM signals carried by four channels 10, 20, 30, 40 at 
different wavelengths (XI, X2, X3, X4), and enabling opera- to different wavelengths XI, X.2, X3, X.4, for example, into a 1 60 
tion at very high bit rates and implementation in long-haul Gbit/s OTDM signal carried by a single channel on a single 
optical transmission networks. The device comprises absorp- optical carrier at the wavelength X4. 
tion means adapted to introduce optical losses into the com- There are shifting means 102, 103, 104 and modulation 
ponents of the OTDM signal, a birefringent propagation means 112, 113, 114 at the output of the four WDM channels, 
medium into which the OTDM signal is injected in such a 15 The shifting means, consisting of delay lines, for example, 
manner as to achieve a soliton trapping phenomenon, an introduce a time shift between the pulses of the WDM signals 
optical spectral and temporal multiplexer/demultiplexer, and carried by the optical carriers. This phase shift between the 
modulation means adapted to modify the optical power of the pulses is necessary for subsequent time division multiplexing 
WDM signals. of the signals. 

Another aspect of the present invention is directed to a 20 Inthis example, only three channels 20,30, 40areprovided 

method of converting an OTDM signal, the components of with these delay lines, since it is sufficient for each carrier to 

which are time shifted relative to each otherand carried by the have a different shift to the others. There is therefore no need 

same wavelength into WDM signals, the pulses of which are to introduce a time-delay on the first channel 10, although 

carried by different wavelengths, by means of said device. there is nothing to rule this out either, of course. 

This method comprises attenuating the components of the 25 The delay lines 102, 103, 104 may be fixed and designed to 

OTDM signal in such a manner that they have different opli- shift each optical carrier by a fixed time period for each signal . 

cal powers, injecting the OTDM signal into the birefringent It is nevertheless preferable to use variable delay lines in order 

propagation medium in such a manner as to achieve a soliton to be able to adjust and refine the shifts, 

trapping phenomenon and recover a wavelength division The optical modulation means 112, 113, 114 modulate the 

multiplex, spectrally and temporally demultiplexing the 30 optical power of the WDM signals and comprise variable 

wavelength division multiplex in such a manner as to obtain a attenuators, for example. Accordingly, to attenuate them, dif- 

plurality of WDM signals whose pulses are time shifted and ferent optical losses are induced in each of the WDM signals, 

carried by different wavelengths, and equalizing the optical for example. There are then obtained WDM signals carried by 

power of the pulses ofthe WDM signals obtained. different wavelengths XI, X2,X3,X4 at different optical pow- 

35 ers II, 12, 13, 14 that are adjusted to achieve the soliton trap- 

BRIEF DESCRIPTION OF THE DRAWINGS ping effect required subsequently. 

Inthis example, only three channels 20, 30, 40 are provided 

Other features and advantages ofthe invention will become with these attenuators, but each channel may be provided with 

apparent on reading the following description, which is given an attenuator, for the same reasons given for the delay lines, 

by way of illustrative and non-limiting example and with 1,0 Variable optical attenuators are preferably used to adjust the 

reference to the appended drawings, in which: power of each WDM signal . 

FIG. 1 shows a device of the invention used as a WDM/ In Ms example, the delay lines 102, 103, 104 precede the 

OTDM converter, optical attenuators 112, 113, 114, but in reality their order is 

FIG. 2 shows WDM signals at the input ofthe FIG. 1 device of no importance at this stage. It is sufficient if the WDM 

and at the output of the spectral and temporal multiplexer, 45 SI 8 DaIs at & e m P m of the °P tlcal multiplexer/demultiplexer 

FIG. 3 shows signals at the input and at the output of the 12 ° have t been ^fted a„c 1 modulated, 

birefringent propagation medium ofthe FIG. 1 device, ,. J he ophcal spectral and tune division multiplexer/demul- 

FIG. 4 shows absorption means used in the FIG 1 device lpl T 120 ^ WDM signals so that there 

iivj. miu .^uipiiuu iii C <m» u »™ m mc rju ± ucv w [s orJ one wave i engtn ^vision multiplex comprisrng time 

and signals at the input and the output of the absorption 5 „ shjft J ({1> ^ fl> t4) B pu]ses ^ ^ J wavelen P gths ^ 

me ^"' ...... , , ^ X3,X4 and different powers II, 12,13,14. 

FIG. 5 shows different absorption means used in a different Tne mu]t jp] ex obtained in Ms way is ften injected too 

embodiment ofthe FIG. 1 device and signals at the input and birefringent p ropagation mea ns 130, for example a birefrin- 

output of those absorption means, and gent optical flberi to produce ^ soliton pne nom- 

FIG. 6 shows a device of the invention used as an OTDM/ 55 e non and obtain a time division multiplex signal constituting 

WDM converter and signals at each stage of conversion. an OTDM signal carried by a single wavelength, the wave- 
length X4 in this example. 

DETAILED DESCRIPTION OF THE DRAWINGS Absorption means 140 then equalize the optical powers of 
the components of the final OTDM signal. 

Byway of example, the remainder ofthe description refers 6 o FIGS. 2 to 5, being more detailed, enable the operation of 

to converting four 40 Gbit/s WDM signals carried by four this device during WDM/OTDM conversion to be explained 

channels at different wavelengths into a 1 60 Gbit/s OTDM m0 re clearly. 

signal carried by a single channel on a single optical carrier, FIG. 2 shows the timing diagram of each WDM signal at 

and vice-versa. the input of the device and that of the wavelength division 

The invention may of course be applied to signals having 65 multiplex at the output ofthe optical spectral and time divi- 

any bit rate. It is preferably applied to signals having bit rates sion multiplexer/demultiplexer 120. At the input ofthe 

of 40 Gbit/s, 1 60 Gbit/s or even 640 Gbit/s. device, each WDM signal comprises pulses carried by a dif- 
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ferent wavelength XI, X2, X3, X4. The pulses of the various linear ramp time profile (143), as shown by the curves of the 

WDM signals all have the same intensity II and occur simul- applied voltage V and the output optical losses Pos as a 

taneously. function of time t. The continuous line curve relates to the 

At the output of the multiplexer 120, the multiplex com- applied voltage V and the dashed line curve relates to the 

prises time shifted (tl, 12, 13, t4) pulses at different wave- 5 output optical losses Pos. 

lengths XI, X2, X3, X4 and different intensity II, 12, 13, 14. As Accordingly, the absorption of the MEA being a function 

shown in FIG. 2, each 1 00 ps pulse is compressed so that at the of the applied voltage V and time, the components of the 

output of the multiplexer, the pulses are only 25 ps such that injected signal are not subject to the same absorption on 

the four output pulses have total temporal width of 100 ps. entering the MBA because each has a different intensity and 

The pulses of the OTDM signal to be obtained at the output 10 they are time shifted relative to each other. The components 1 , 

of the device must be interleaved. The shift between two 2, 3, 4 then have exactly the same optical power Is at the 

pulses must therefore be identical each time. Accordingly, at output of the MEA. 

1 60 Gbit/s, for example, the pulses are shifted relative to each A different embodiment uses a saturable absorber to effect 

other by 6.25 ps. The shift between the pulses is therefore set this power equalization, as shown in FIG. S. The transfer 

andadjustedbeforehandbymeansofthedelaylinesl02,103, 15 function of a saturable absorber comprises two different 

104. states, namely a blocking state when the input power Ie is 

The optical power II, 12, 13, 14 of each pulse of the wave- below a threshold power It and a totally transparent state 

length division multiplex is adjusted beforehand by means of when the input power is above that threshold power. In the 

variable attenuators 112, 113, 114 to exacerbate non-linear transparent state, the output signal of the saturable absorber 

effects in the birefringent optical fiber 130 and thereby 20 has a constant output power Is. If the components of the 

encourage the required soliton trapping effect, as shown in OTDM signal obtained all have powers II, 12, 13, 14 above the 

FIG. 3. threshold power It, they all have the same output power Is at 

A birefringent propagation medium comprises two main the output of the absorber. If, however, the components of the 

propagation axes. To encourage the soliton trapping phenom- OTDM signal have a power below the threshold power, they 

enon, the multiplex is injected with a polarization at 45° to the 25 are totally absorbed. 

main propagation axes of the birefringent medium 130. In this The device 100 may also be used to carry out the opposite 

case, a polarization controller may precede the optical fiber conversion, i.e. to convert an OTDM signal into WDM sig- 

130, for example, to convert any incoming polarization to nals. This conversion uses the same device in the opposite 

another polarization and in particular a linear polarization at direction. It is therefore described more succinctly, and with 

45° to the main axes of the birefringent fiber. 30 reference to FIG. 6, which shows the device used as an 

A soliton is a light pulse that is sufficiently intense to excite OTDM/WDM converter and the signals at each stage of the 

a non-linear effect that compensates the effects of chromatic conversion. 

dispersion over long distances. Under some conditions, in The OTDM signal is initially passed through absorption 

particular conditions of power and chromatic dispersion well means 140 in order for selective optical losses to be applied to 

known to the person skilled in the art, the injected pulses 1 to 35 its components. The absorption means comprise the electro- 

4 retain their integrity and are not temporally deformed. Their absorbent modulator MEA described above, for example, 

frequency spectrum is deformed, however, and a frequency The components of the OTDM signal do not suffer the same 

shift relative to the original frequency of the spectrum of each absorption and therefore suffer different optical losses, 

of these pulses occurs on entering the propagation medium. The OTDM signal obtained is then injected into the bire- 

This phenomenon, during the course of which the pulse is not 40 fringent optical fiber 130 to achieve the soliton trapping effect 

temporally deformed but the spectrum suffers a frequency described above. In this case, the components of the OTDM 

shift, is known as soliton trapping. The frequency shift Aul is spectrum are subjected to a frequency shift Aul proportional 

proportional to the luminous power Ii of the pulse i injected to their optical power. A wavelength division multiplex is 

into the propagation medium. therefore obtained whose pulses 1, 2, 3, 4 are time shifted 

Accordingly, by precisely adjusting the luminous power Ii 45 relative to each other and carried by different wavelengths XI, 

of each pulse i of the wavelength division multiplex, the X2, X3, X4 and have different optical powers II, 12, 13, 14. 

frequency shift Aul induced by the soliton trapping phenom- Just as for WDM/OTDM conversion, a polarization con- 

enon in the pulse i of the wavelength division multiplex may troller may precede the optical fiber 130, for example, to 

be adjusted to achieve perfect spectral matching of the spec- facilitate injection of the signal with a polarization at 45° to 

trum shifts of the WDM channels. This precise adjustment is 50 the main axes of the optical fiber. 

obtained by means of the variable delay lines and the variable The next step is to pass the wavelength division multiplex 

attenuators preceding the multiplexer 120. In the FIG. 3 throughthemultiplexer/demultiplexerl20inordertodemul- 

example, thepulses 1, 2, 3 with respective intensities II, 12, 13 tiplex it spectrally and temporally and to obtain four signals at 

are subjected to shifts Aul, Au2, Au3 so that their wave- different wavelengths XI, X2, X3, X4. 

lengths all coincide with the wavelength X4 of the fourth 55 The final step is to equalize the optical powers of the pulses 

pulse. of the WDM signals. This is effected by the modulation 

An OTDM signal is therefore obtained at the exit from the means 112, 113, 114, which comprise variable attenuators as 

birefringent medium whose components are time shifted (tl, described above, for example. 

t2, t3, t4) and carried by a single wavelength X4. It is not essential to use the FIG. 1 shifting means 102 to 

However, the components ofthe OTDM signal obtained do 60 104 for the OTDM/WDM conversion. If those means, for 

not have the same luminous power U, 12, 13, 14. Absorption example delay lines, are used, they time shift the pulses 

means 140 are therefore provided to returnall the components carried by the optical carriers ofthe WDM signals in such a 

ofthe OTDM signal to the same optical power level . manner as to render them simultaneous. 

This power equalization uses an electro-absorption modu- The device that has just been described is no more than an 

lator MEA, for example, that applies selective optical losses 65 illustration ofthe invention, which is in no way limited to this 

to the components of the OTDM channel, as shown in FIG. 4. example and has applications in high bit rate long-haul optical 

The losses Pos may have a stepped time profile (142) or a telecommunications. 
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The device has the advantage of being all optical and is 
easy to implement and to install in the network. It uses no 
laser sources, only low-cost components, and is independent 
of bandwidth. Finally, the device is of very great benefit for 
the incoming generations of high bit rale transmission sys- 5 
tems operating at bit rates of 40 Gbit/s and above. 



in claimed is: 

1. An optical device comprising: 

a time-shifting means for inducing time shifts into one or 10 
more input signals, wherein the one or more input sig- 
nals have different optical carrier frequencies; 

a modulation means for modulating optical power of the 
one or more input signals, wherein the modulated time- 
shifted signals have different optical power levels;, 15 

a multiplexing means for multiplexing the modulated time- 
shifted signals; 

a birefiingent propagation medium for producing an opti- 
cal time division multiplexing (OTDM) signal carried 2Q 
by a single wavelength by applying a soliton trapping to 
induce frequency shifts into the multiplexed modulated 
time-shifted signal, wherein an amount of the frequency 
shift introduced to each component of the multiplexed 
modulated time-shifted signals is in correspondence 2J 
with the optical power level of that component; and 

an absorption means for adjusting the optical power of each 
component of the OTDM signal so that all components 
have substantially similar optical power levels. 

2. The device of claim 1, wherein the shifting means com- 30 
prises variable delay lines. 

3. The device of claim 1, wherein the modulation means 
comprises variable attenuators. 

4. The device of claim 1, further comprising: 

a polarization controller at an entry of the birefringent 35 
propagation medium for converting a polarization of the 
power adjusted components of the input signal to 45° to 
main axes of the birefringent propagation medium. 

5. The device of claim 1, wherein the absorption means 
comprises an electro-absorption modulator. 40 

6. The device of claim 1, wherein the absorption means 
comprises a saturable absorber. 

7. An optical device comprising: 

an absorption means for adjusting optical power levels of .. 
individual components of an input signal, wherein the^ 
components of the input signal are optical time division 
multiplexed (OTDM) and have a same optical carrier 
frequency, and wherein the adjusted components have 
different optical power levels; 

a birefringent propagation medium for applying a soliton 
trapping to induce frequency shifts into the power 
adjusted components of the input signal so that each 
component has a^ different optica! carrier frequency, 



wherein the aeeora^Sr frequency shift induced to each 55 
component is in correspondence with the optical power 
level of that component; 
an optical demultiplexing means for demultiplexing the 

frequency shifted signal components; and 
a modulation means for modulating the optical power lev- 60 
els of the demultiplexed frequency shifted signal com- 
ponents so that all signal components have substantial 
similar optical power levels. 
8. The device of claim 7, further comprising: 
a shifting means for inducing time shifts into the demulli- 65 
plexed frequency shifted signal components to reduce 
relative time delays. 



9. A method comprising: 

receiving a plurality of optical signal components, wherein 

the plurality of optical signal components have different 

optical carrier wavelengths; 
time shifting at least one of the pulses of the plurality of 

optical signal components; 
modulating optical power levels of the at least one of the 

time shifted pulses of the plurality of optica] signal com- 



a multiplexed optical signal from the plurality 
of optical signal components, wherein each component 
of the multiplexed optical signal has a different optical 
power level, a different time delay, and a different carrier 
wavelength; 

frequency shifting the components of the multiplexed sig- 
nal by a soliton trapping to a single optical carrier wave- 
length using a birefringent propagation medium to form 
an optical time division multiplexed (OTDM) signal at 
the single optical carrier wavelength, wherein an amount 
of the frequency shift induced to each signal component 
is in correspondence with the optical power level of that 

equalizing the components of the OTDM signal so that all 
components of the OTDM signal have substantially 
similar opticalpower levels. 

10. Thecdevi^oTcTaim 9, wherein the pulses of the plu- 
rality of optical signal components are shifted in time by at 
least one variablectelavline. 

11. The4ev4G*eraami 9, wherein the optical power levels ■ 
of the time shifted pulses are adjusted by at least one variable 
attenuator. ^li-kdi 

12. The-deviCB of claim 9, wherein frequency shifting the 
components of me multiplexed signal to a single optical car- 
rier wavelength using a birefringent propagation medium 
further comprises converting a polarization of the multi- 
plexed signal to 45° to main axes of the birefringent propa- 
gation medium to facilitate the frequency shifting. 

13. The-devrce^of cMm 9, wherein the components of the 
OTDM signal are equalized by an absorption means compris- 
ing an electro-absgrnfoi modulator. 

14. The4evice|of claim 9, wherein the components of the 
OTDM signal are equalized by an absorption means compris- 
ing a saturable absorber. 

15. A method comprising: 

adjusting optical power levels of one or more signal com- 
ponents of an optical time division multiplexed (OTDM) 
signal carried by a single wavelength such that the one or 
more signal components have different optical power 

frequency shifting the power adjusted signal components 
using a birefringent propagation medium by a soliton 
trapping to different optical carrier wavelength, wherein 
an amount of the frequency shift imparted to each signal 
component is in correspondence with the power level of 
that signal component; 

demultiplexing the frequency shifted power adjusted sig- 
nal components to obtain one or more single wavelength 
signals; and 

equalizing the optical power of the one or more single 
wavelength signals so that the one or more single wave- 
length signals have substantially similar optical power 

16. The method of claim 15, further comprising: 
removing relative time delays among the one or more 

single wavelength signals by time shifting die one or 
more single wavelength signals. 



